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x(�; � ) = (R + r:cos(� )) :cos(� );
y(�; � ) = r:sin (� );
z(�; � ) = (R + r:cos(� )) :sin (� ):
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(s; t; u)
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>:

s =
p

x 2 + z2 � (R � r max )
2:r max

t = y
r max

+ 0:5

u = atan (z;x )
2� :
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:

s 2 [0; 1];
|„u‡z€•

p
x2 + z2 2 [R � rmax ; R + rmax ]

t 2 [0; 1];
|ŠuZz¼•

y 2 [� rmax ; rmax ]
u 2 [0; 1];

|„u‡z€•

atan(z; x) 2 [0; 2� ]
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8k 2 [0; nb� [; � (k) = k
nb �

8j 2 [0; nb� [; � (j ) = j
nb �

8i 2 [0; nbr [; r = i
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� (s; t; u) = u
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2�
r (s; t; u) =
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(s � 0:5)2 + (t � 0:5)2
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� (k) < � (s; t; u) < � (k + 1)
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j I

� (j ) < � (s; t; u) < � (j + 1)
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i
l8|Š•o}�#Ll8˜Â•~xW•„l�y
ŒZ…ˆl

I

r (i ) < r (s; t; u) < r (i + 1)
*‘•�l%#Ll8˜�•„…Sl&l�•ˆ|„…Sz€•„l
—>u‡…S‹‘˜™iˆ}‡˜�…S• vwl8|ovwl�…w¶�—Sy¯}†•ˆ|�—BuZy€u �XvS}‡…w¶

k
l�•

k + 1
l�•o—BuZ…S‹o˜™iˆ}Z˜�…S•fvwl&y€l8…S‹~|o}†•S•SlU}†…w¶

i
l�•

i + 1
…S•Sl�z{•J•„l�‹~—>u‡y¯}a•„z{u‡•�|„l�y{u‡•�yN² }†•S¥Zy€l�k6z{•Sl�…S‹U·�*‘•f|�² }†y{z{¥‡•Sl�}†z{•ˆ|„zƒ|Š…S‹3y{l
˜�l8•J•„‹~l�vSl •Su†•~‹„l�±‡uG¶wl8y
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8
>>>><

>>>>:

� � = � (s;t;u ) � � ( j )
� ( j +1) � � ( j )

si;k = s(i; j; k) + � � � (s(i; j + 1; k) � s(i; j; k))
si +1 ;k = s(i + 1; j; k) + � � � (s(i + 1; j + 1; k) � s(i + 1; j; k))
si;k +1 = s(i; j; k + 1) + � � � (s(i; j + 1; k + 1) � s(i; j; k + 1))
si +1 ;k +1 = s(i + 1; j; k + 1) + � � � (s(i + 1; j + 1; k + 1) � s(i + 1; j; k + 1))

¾ 3ZÁ

’)—ˆ}‡‹Š•~z€‹FvwlU|Fvwl�…w¶�±G}‡y€l8…S‹™|
—ˆ‹„xU˜�x8vSl�k6k6l�•J• ˜�}†y¯˜�…ˆy€x8l8|'—BuZ…S‹F˜™iˆ}‡˜�…S•6vwl8|Fvwl8…w¶&—Sy¯}†•B|
—>u‡y{u��ÃvS}‡…w¶�‚UuZ•:}†•Š•~l�z{•Z•Fy{l3˜�l�•J•~‹„l
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I

8
<

:

� r = r (s;t;u ) � r ( i )
r ( i +1) � r ( i )

sk = si;k + � r � (si +1 ;k � si;k )
sk+1 = si;k +1 + � r � (si +1 ;k +1 � si;k +1 )
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+0 ; 5
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8
<

:

s = x2 + z2 � (R � rmax )
t = y
u = atan (z;x )
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>>>>>>>>>>>:

s1 = camera
�

position + znear :tan( f ovx
2 ):xview � dir ection

� znear :tan( f ovy

2 ):yview � dir ection + znear :zview � dir ection

s2 = camera
�

position � znear :tan( f ovx
2 ):xview � dir ection

� znear :tan( f ovy

2 ):yview � dir ection + znear :zview � dir ection

s3 = camera
�

position � znear :tan( f ovx
2 ):xview � dir ection

+ znear :tan( f ovy

2 ):yview � dir ection + znear :zview � dir ection

s4 = camera
�

position + znear :tan( f ovx
2 ):xview � dir ection

+ znear :tan( f ovy

2 ):yview � dir ection + znear :zview � dir ection

u G

si
}G±Zl8˜

i 2 [1; 4]
|„u‡•J•;y€lU|®|„u‡k6k6l�•™|®vw…�ŒJ…ˆ}‡vw‹~z{y{}†•„j�‹~l

s1; s2; s3; s4
•~l�y¯|]ŒZ…ˆloy{lW|„l�•ˆ|Ž•„‹~z{¥‡u‡•ˆu‡k6x�•~‹„z¯ŒJ…Sl�vwz{‹„lU˜Â•3|ŠuZz¼•

‹~l8|„—BlU˜Â•~x‡·

camera
�

position
‹„l8—S‹„xU|Šl8•J•„l;y{}Wy{u@˜8}†y{z{|~}a•~z€uZ•:vSl3y{}�˜�}‡k6l�‹™}Wvˆ}†•ˆ|�yX² lU|Š—B}‡˜�lZ‚

(xview � dir ection ; yview � dir ection ;
zview � dir ection )

vwx�»ˆ•ˆz{|~|„}‡•J•
…S•:‹„l8—Bj8‹„l®u‡‹„•„iSuZ•Su‡‹~k6x®vwl;±@z{|„…ˆ}‡y€z¯|„}†•„z{u‡•
k6uZ¸Sz€y{l]vS}†•ˆ|'yX² lU|Š—B}‡˜�lZ· 2'z{•ˆ}†y{l�k6l8•Z•U‚

f ovx
l�•

f ovy
|„u‡•J•3y€lU|�}†•ˆ¥‡y{l8|]v�² u‡…S±Zl�‹„•„…S‹~lWvSl y{}:—@‰@‹~}‡k:z¯vwl vwl�±@z{|„z{u‡•�|Šl8y€uZ•#yX² }†¶wl�vSl8|

x
l�•o|Šl8y€uZ•#yX² }†¶wl�vSl8|

y
·

qW}†•ˆ|;y{l ˜�}‡vS‹„lWvwl�yN² z€k6—Sy¯}†•J•™}a•„z{u‡•/‚Jz{y�}&x�•„x ˜™iSuZz{|„z�ŒZ…ˆl

f ovx = 90
l�•

f ovy = 90
‚@•SuZ…ˆ|]vwu‡•ˆ•ˆ}†•J•]y{}&ºÄu‡‹~k&…Sy{l‘»ˆ•ˆ}†y{l
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>>>>>>>>>>:

s1 = camera
�

position + znear :xview � dir ection

� znear :yview � dir ection + znear :zview � dir ection

s2 = camera
�

position � znear :xview � dir ection

� znear :yview � dir ection + znear :zview � dir ection

s3 = camera
�

position � znear :xview � dir ection

+ znear :yview � dir ection + znear :zview � dir ection

s4 = camera
�

position + znear :xview � dir ection

+ znear :yview � dir ection + znear :zview � dir ection
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�
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�
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ç�òGÞ���åNà 4
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1 : ( xend , yend , zend ) = texture2D(back_f aces, (u, v))
2 :

��8

yend = ydiscar d
�

ËÀÆ �a¨

3 : rejeter le fragment, sortie du fragment shader
4 : �

8KD � � ��8

5 : ( xstar t , ystar t , zstar t ) = texture2D(front_ fa ces, (u, v))
6 : ray = ( xend , yend , zend ) - ( xstar t , ystar t , zstar t )
7 : r ayinc = r ay

nbsteps � 1
8 : (x,y,z) = ( xstar t , ystar t , zstar t )
9 : FragmentColor.rgb a = (0:0; 0:0; 0:0; 1:0)

10 :
�oÆ>© �

(i=0, i< nbsteps , i++) �


 8 ���

11 : texture_coord.x =
p

x2 + z2 � (R � rmax )
12 : texture_coord.y = y
13 : texture_coord.z = atan (z;x )

2�
14 : voxel = texture3D(tokamak _t ext ur e, texture_coord.xy z)
15 : pixel.rgba = texture1D(transfe r_ fu nct io n, voxel)
16 : FragmentColor.r gb = FragmentColor.rgb + pixel.a*pixel.rg b*Fra gment Color .a
17 : FragmentColor.a *= (1.0 - pixel.a)
18 : (x,y,z) = (x,y,z) + rayinc

19 : �

8KD � � �oÆ>© �
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(R + r )2 = (R � r )2 + ( r ay max
2 )2 ‚ˆ|„u‡z€•

r aymax = 4
p
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vwl
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uM SP I T F S
Á

I

uM SP I T F S = log
raymax

krayk
�

1
nblod

+
1

2nblod
}G±Zl8˜

I

3

r ay
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krayk
x�•™}†•J•�|„}:•SuZ‹„k6l‡‚
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nblod
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2nb lod
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uZ¸w•„l8•Sz€‹W}G±‡lU˜�—S‹„xU˜�z¯|Šz{u‡•�y¯}6•~}‡¸Sy{l&vwl
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1 : ( xend , yend , zend ) = texture2D(back_f aces, (u, v))

2 :
��8

yend = ydiscar d
�

ËÀÆ �a¨

3 : rejeter le fragment, sortie du fragment shader
4 : �

8KD � � ��8

5 : ( xstar t , ystar t , zstar t ) = texture2D(front_ fa ces, (u, v))
6 : ray = ( xend , yend , zend ) - ( xstar t , ystar t , zstar t )
7 : r ayinc = r ay

nbsteps � 1

8 : uM SP I T F S = log r ay max
kr ay k � 1

nb lod
+ 1

2nb lod

9 : (x,y,z) = ( xstar t , ystar t , zstar t )
10 : texture_coord.x =

p
x2 + z2 � (R � rmax )

11 : texture_coord.y = y
12 : texture_coord.z = atan (z;x )

2�
13 : sf = texture3D(tokamak _te xt ure , texture_coord.xyz )
14 : (x,y,z) = (x,y,z) + rayinc

15 : FragmentColor.rg ba = (0:0; 0:0; 0:0; 1:0)

16 :
�oÆ>© �

(i=0, i< nbsteps , i++) �


 8 ���

17 : texture_coord.x =
p

x2 + z2 � (R � rmax )
18 : texture_coord.y = y
19 : texture_coord.z = atan (z;x )

2�
20 : sb = texture3D(tokam ak_te xt ure , texture_coord.xyz )
21 : pixel.rgba = texture3D(MSPITFS, vec3( sf , sb, uM SP I T F S ))
22 : FragmentColor.r gb = FragmentColor.rgb + pixel.a*pixel.rg b*Fra gment Color .a
23 : FragmentColor.a *= (1.0 - pixel.a)
24 : (x,y,z) = (x,y,z) + rayinc

25 : sf = sb

26 : �

8KD � � �oÆ>© �

“/l8|/»ˆ¥‡…S‹~l8| -ˆ• l�•(-@¡]k6u‡•J•„‹~l�•J•
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p �w• •�h 2 �\vwl
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�98�7 � D $&� FN?���� �
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I

I = I a + I d � (�
�!
L :

� !
r f ) + I s � ((

�!
L � 2 � (

�!
L :

� !
r f ) �

� !
r f ):

� !
r f )n ¾�•Z•UÁ

}G±Zl8˜

I

8
>>>><

>>>>:

I a
y¯}6˜�u‡k6—>uZ|~}†•J•„l }‡k&¸Sz¯}†•J•„l

I d
y¯}:˜�u‡k6—>uZ|~}†•J•„l�vwz #>…ˆ|„l

I s
y¯}-˜�uZk:—>uZ|~}†•J•~lW|„—BxU˜�…Sy¯}†z{‹~l

�!
L

y{l ±‡lU˜Â•~l�…S‹3z{•ˆ˜�z¯vwl8•Z•ovSlWy{…Sk6z{j�‹~l •Su‡‹~k-}†y{z{|„x

� !
r f

y€l ¥Z‹~}Zvwz€l8•J•;•SuZ‹„k-}‡y€z¯|Šx�vwl •Su‡•„‹~l�y€uw˜�}‡y€z¯|~}a•„z{u‡•�˜�uZ…S‹~}‡•Z•~l

“/l:¥Z‹~}Zvwz{l�•J• �!g =
� !
r f

l8|Š• ˜8}†y¯˜�…Sy{x���y{}�±‡uZy€x8l:|„l�y{u‡•*…S•°|„˜™iˆx�k-}#vSl�vwz #Lx�‹~l�•B˜�l-˜�l�•J•~‹~}‡y€lZ· �wu‡z€•8‚ƒ—>u‡…S‹ …ˆ•*±ZuG¶@l8yFvwl

˜�uJuZ‹~vSu‡•S•Sx8l8|]vwl�•~l�¶@•„…S‹~l

(s; t; u)
‚Su‡•�}

I

�!g =
� � � � � � � !
(gx ; gy ; gz) =

8
<

:

gx = (s + 1
w idth ; t; u) � (s � 1

w idth ; t; u)
gy = (s; t + 1

heig ht ; u) � (s; t � 1
heig ht ; u)

gz = (s; t; u + 1
depth ) � (s; t; u � 1

depth )

¾�•G¡‡Á

u G

width
‚

height
l�•

depth
|ŠuZ•J•�‹„lU|Š—>l8˜�•„z{±‡l�k6l8•Z•�y¯}6y¯}†‹~¥‡l�…ˆ‹8‚wy¯}6iˆ}†…S•„l�…ˆ‹�l�•oy¯}-—S‹~u†ºÄuZ•ˆvwl8…S‹�vwl
y¯}:•„l�¶J•~…S‹~l&œ‡q�·�* •

…w•~z€y{z¯|„}‡•Z•®y€lU|ŽvwxU˜�}†y¯}†¥Zl8|�•~l�y>ŒZ…/² l�¶@—ˆy€z¯˜�z€•„xU|ŽvS}‡•ˆ| y¯}�ºÄu‡‹~k&…ˆy€l •G¡@‚ZuZ•-l8|Š•®| �S‹Žvwl‘±Jz¯|„z¼•~l�‹ y{l8|Ž±‡u‡z¯|„z€•ˆ|Ž˜�u‡•ˆ•Sl�¶wl8| � •Su†•~‹„lo±‡uG¶wl�y

}Z˜Â•„…ˆl�yX‚ˆ˜�l8y{}:x�•™}†•J•3z€•Bvw…Sz€•o—ˆ}†‹]y{l
|Š‰w|Š•„j8k:l vwl •ˆu‡‹~k6}‡y€z¯|~}a•„z{u‡•�vwl8|3˜�u@u‡‹™vwu‡•S•ˆx�l8|]vwlW•~l�¶@•„…S‹~l
vS}‡•ˆ|#*‘—Bl8•�A�“ ·

q‘l#—ˆy€…ˆ|8‚�u‡•«—ˆ‹„l8•ˆvÌ|„u‡z{•Ìvwl#•Su‡‹~k-}†y{z{|„l�‹�y€l�¥‡‹™}‡vwz{l�•J•�}†»ˆ•¿vSl³‹~x8vw…Sz{‹~l#}†…¿k-}a¶wz€k�…Sk7y€lU|�}‡‹Š•~l�ºÀ}Z˜Â•~|�±@z{|„…Sl8y{|�y€z{x8| �

yX² }‡—S—Sy{z{˜8}a•~z€uZ•�vwl y¯} J]–�q�2

I

�!g =
� � � � � � � � � � � � � � !
(

gx

k�!g k
;

gy

k�!g k
;

gz

k�!g k
)

}G±‡lU˜

k�!g k =
q

gx
2 + gy

2 + gz
2:
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ŒJ…Sl

n = 20
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1 : ( xend , yend , zend ) = texture2D(back_f aces, (u, v))

2 :
��8

yend = ydiscar d
� ËÀÆ �a¨

3 : rejeter le fragment, sortie du fragment shader
4 : �

8KD � � ��8

5 : ( xstar t , ystar t , zstar t ) = texture2D(front_ fa ces, (u, v))
6 : ray = ( xend , yend , zend ) - ( xstar t , ystar t , zstar t )
7 : r ayinc = r ay

nbsteps � 1
8 : (x,y,z) = ( xstar t , ystar t , zstar t )
9 : FragmentColor.rgb a = (0:0; 0:0; 0:0; 1:0)

10 :
�oÆ>© �

(i=0, i< nbsteps , i++) �


 8 ���

11 : texture_coord.x =
p

x2 + z2 � (R � rmax )
12 : texture_coord.y = y
13 : texture_coord.z = atan (z;x )

2�
14 : voxel = texture3D(tokamak _t ext ur e, texture_coord.xy z)
15 : pixel.rgba = texture1D(FT, voxel)
16 : gradient.x = texture3D(tokamak _t extur e, vec3 (texture_coord.x + 1

w idth ,
texture_coord.yz) - (texture_coord.x - 1

w idth , texture_coord.yz ))
17 : gradient.y = texture3D(tokamak _t extur e, vec3((texture_co ord .x ,t ext ur e_coord. y+ 1

heig ht ,
texture_coord.z) - (texture_coord. x, texture_coord.y - 1

heig ht ,texture_coord.z )) )
18 : gradient.z = texture3D(tokamak _t extur e, vec3((texture_co ord .x y, tex tu re_coord .z + 1

depth )
- (texture_coord.x y, tex tu re _coor d.z + 1

depth )))
19 : normalize(gradi ent .x yz)
20 : light_direction = normalize(LIGHT_ POSIT ION.x yz - (x,y,z))
21 : light_reflected = reflect(-light_d ire ct ion .x yz, gradient.xyz)
22 : view_vector = normalize(CAMERA_POSITI ON.xy z - (x,y,z))
23 : pixel.rgb *= ( I a + max(light_directi on � gradient,0)* I d)
24 : pixel.rgb += (( l ight

�

r ef lected� view
�

vector)20* I s)
25 : FragmentColor.r gb = FragmentColor.rgb + pixel.a*pixel.rg b*Fra gment Color .a
26 : FragmentColor.a *= (1.0 - pixel.a)
27 : (x,y,z) = (x,y,z) + rayinc

28 : �

8KD � � �oÆ>© �

Ówífç$JˆëLKUÚNM



-J› �����)�����1���	��
 �$�	����
)���%��
����%�

�

æ��/æ���âŠè 64 �ŠèXøaæ™ç�ðNÝ����ßàÂçGã��aæ™å/åXæ�ì�àÂç

�

ñ �ƒæ���â�è 128 ��èÃøaæ™ç�ðXÝ����ßàÂçGã��aæ™åƒåXæ�ì�àÂç

,.-0/21�-J£�3W”oz¯|„…ˆ}†y{z{|~}a•~z€uZ• vwlŽyX² z{•J•„x8‹„l8…S‹
v�² …S•Sl]|„z€k�…Sy{}†•„z{u‡• ¥Z‰J‹~uw˜�z{•Sx�•~z{ŒJ…SlF—B}†‹
–o}G‰Jk-}‡‹~˜™iSz{•S¥�}G±Zl8˜Fp �@•Ž•�h 2 �
l�•'x8˜�y¯}†z{‹™}†¥‡l

vwl •ŽiSu‡•S¥B·

�

æ��/æ���âŠè 64 �ŠèXøaæ™ç�ðNÝ����ßàÂçGã��aæ™å/åXæ�ì�àÂç

�

ñ �ƒæ���â�è 128 ��èÃøaæ™ç�ðXÝ����ßàÂçGã��aæ™åƒåXæ�ì�àÂç

,.-0/21�-Z¢.3W”oz¯|„…ˆ}†y{z{|~}a•~z€uZ• vwlŽyX² z{•J•„x8‹„l8…S‹
v�² …S•Sl]|„z€k�…Sy{}†•„z{u‡• ¥Z‰J‹~uw˜�z{•Sx�•~z{ŒJ…SlF—B}†‹
–o}G‰Jk-}‡‹~˜™iSz{•S¥�}G±Zl8˜Fp �@•Ž•�h 2 �
l�•'x8˜�y¯}†z{‹™}†¥‡l

vwl •ŽiSu‡•S¥B‚w…S•Sl
}‡…w•„‹~lWºÄu‡•ˆ˜�•„z{u‡•fvwlW•„‹™}†•ˆ|ŠºÄl�‹„•3x�•™}†•J•�…w•„z{y{z{|„x�lZ·

ÏÄÕ
Ó/ÏØô



�����������	��

���
����������������� � -ˆ•

�

æ��/æ���âŠè 64 �ŠèXøaæ™ç�ðNÝ����ßàÂçGã��aæ™å/åXæ�ì�àÂç

�

ñ �ƒæ���â�è 128 ��èÃøaæ™ç�ðXÝ����ßàÂçGã��aæ™åƒåXæ�ì�àÂç

,.-0/21�- / 36”oz¯|Š…ˆ}‡y€z¯|~}a•„z{u‡•�vwlWyN² l�¶@•„x8‹„z{l�…ˆ‹;v�² …S•Sl�|„z€k�…Sy{}†•„z{u‡•#¥‡‰@‹„uw˜�z€•Sx�•„z¯ŒJ…Slo—ˆ}‡‹;–o}G‰Jk-}‡‹~˜™iSz{•S¥&}G±Zl8˜‘p �@• •�h 2 �³l�•]x8˜�y¯}†z€µ

‹™}†¥ZlWvwl •ŽiSu‡•S¥B·

�

æ��/æ���âŠè 64 �ŠèXøaæ™ç�ðNÝ����ßàÂçGã��aæ™å/åXæ�ì�àÂç

�

ñ �ƒæ���â�è 128 ��èÃøaæ™ç�ðXÝ����ßàÂçGã��aæ™åƒåXæ�ì�àÂç

,.-0/21�-=3 36”oz¯|Š…ˆ}‡y€z¯|~}a•„z{u‡•�vwlWyN² l�¶@•„x8‹„z{l�…ˆ‹;v�² …S•Sl�|„z€k�…Sy{}†•„z{u‡•#¥‡‰@‹„uw˜�z€•Sx�•„z¯ŒJ…Slo—ˆ}‡‹;–o}G‰Jk-}‡‹~˜™iSz{•S¥&}G±Zl8˜‘p �@• •�h 2 �³l�•]x8˜�y¯}†z€µ

‹™}†¥ZlWvwl •ŽiSu‡•S¥B‚S…S•Sl }‡…w•„‹~lWºÄu‡•ˆ˜�•„z{u‡•fvwlW•„‹™}†•ˆ|ŠºÄl�‹„•3x�•™}†•J•�…w•„z{y{z{|„x�lZ·

Ówífç$JˆëLKUÚNM



-@¡ �����)�����1���	��
 �$�	����
)���%��
����%�

�98<; � �E> F � F&�'� > FN@ <#�

’�»ˆ•¹vƒ² }‡…S¥‡k6l�•J•~l�‹�y€l6•SuZk&¸S‹~l6v�² z{k-}†¥Zl8|W—ˆ}†‹
|„l8˜�u‡•ˆvSl�uZ¸w•„l8•J…ˆl8|Wy€uZ‹~|�vw…¹‹~l�•ˆvw…/‚ƒ˜�l�‹„•~}‡z€•ˆl8|Wu‡—w•~z€k6z¯|„}†•„z{u‡•ˆ|WuZ•Z• x�•„x

•~l8|Š•„x�lU|�·

��


	


��

� 
 � Ë � ���

 �aÊ#È 
�D � ��DLÈ �

“Ž² }‡‹~˜³•~}‡•S¥‡l8•Z•~l#lU|�•-…S•ˆl#ºÄuZ•ˆ˜Â•~z€uZ•Ìl8•ˆ˜�uZ‹„l�˜�uZ…w•„l �ˆ|Šl�vS}‡•ˆ|6yN² }†‹™˜™iSz€•„lU˜Â•„…ˆ‹„l�vwl8|-˜8}†‹„•„l8|:¥Z‹~}‡—SiSz¯ŒZ…ˆl8|�‹„xU˜�l�•J•~l8|8‚�˜�l�•„•„l

vwl8‹„•ˆz€j8‹„l6x�•™}†•J•
}†—S—ˆ‹„uw˜™iSx8l�—ˆ}‡‹�…S•°vwx�±Zl�y{u‡—S—>l�k6l�•J• y{z€k6z€•„x-ŒJ…SzF•„u‡•~}‡y€z¯|Šl:l�•@±@z{‹„uZ•

30
˜�‰w˜�y€lU|6AW•®n
·
no•Sl:•„l�¶J•~…S‹~l-¡‡q }

vwuZ•ˆ˜‘x�•„xW—S‹~x8˜8}†y¯˜�…Sy{x�lo}†»ˆ•#vSl‘|„l‘—ˆ}Z|„|„l�‹;vwlWyN² }†—S—>l�y�vwl�˜�l�•Š•~loºÄuZ•ˆ˜Â•~z€uZ•�y€uZ‹~|;vw…�˜™iˆ}†•S¥Zl�k6l�•J•®vSl‘‹~l�—>j�‹~lo—ˆ}‡‹®xU˜™iˆ}†•J•~z€y{y€uZ•ƒ·

�@l8y€uZ•-y{}W•™}†z{y€y{lovwl�•„l�¶@•~…S‹„lo…w•„z{y€z¯|„x�l‡‚Zu‡•-¸>x�•Sx�»B˜�z{lov�² …S•Slo¸BuZ•S•Slo}‡—S—S‹~uG¶@z{k-}a•~z€uZ•:vwloy{}�ºÄuZ•ˆ˜Â•~z€uZ•�}†‹™˜;•~}‡•S¥‡l8•Z•~l]•„l8yBŒJ…Sl

—>u‡…S‹‘…S•Sl�‹„xU|ŠuZy€…w•~z€uZ•fvwl

256� 256
‚ˆz€y
•ƒ² l�¶wz{|Š•„l:}†…ˆ˜�…S•Sl&vwz #Lx�‹~l�•ˆ˜�l
•Su†•™}†¸Sy{l
l8•Z•~‹„l&y€l&˜8}†y¯˜�…Sy �-y¯}-±‡uZy€x8l l�•‘y{l
—S‹~x8˜8}†y¯˜�…Sy

}G±Zl8˜o•„l�¶@•~…S‹„lZ·

��


	


 	

� Ë � � 
 ��
 �aË �)ÆB©
È

*F•™}†•J•;vSu‡•S•Sx‘ŒZ…ˆl�yN² u‡•-l1#>lU˜Â•~…Slo…S•-‹~l�•Bvw…�vwloyX² }G±G}‡•J• ±‡l�‹™|FyX² }‡‹„‹~z{j�‹~l‡‚†z{yˆ•SuZ…ˆ| lU|�•®—BuJ|„|„z€¸ˆy€lovƒ² }‡‹„‹ ��•~l�‹ —S‹~x�k-}†•„…S‹~x�k6l�•J•

…S•ˆl z€•J•„x8¥‡‹™}a•~z€uZ•³—>u‡…S‹3…S•�ºÄ‹™}†¥Zk:l8•J•]l8•�ºÄu‡•ˆ˜�•„z{u‡•�vwl yN² u‡—B}‡˜�z€•„x }Z˜�˜�…ˆk&…Sy{x�lZ·

’ —B}†‹„•„z{‹ovw…fk6u‡k6l�•J•ou Gf…S•fx8˜™iB}†•J•„z{y€y{u‡•fvwl
•„‹~j8|]ºÀ}‡z€¸Sy{l •~‹~}‡•ˆ|Š—B}†‹~l�•ˆ˜�lWlU|�•‘z€•J•„x8¥‡‹~x
}G±‡lU˜ ˜�l�…S¶�ŒJ…Sz/yX² u‡•J•ox�•~x
—S‹~x8˜�x�µ

vwl8k6k:l8•J•8‚@u‡•-—>l�…w•;ºÀ}†z{‹~l�yN² i@‰@—Bu‡•„iSjU|ŠloŒJ…Sl‘y€lU|ŽxU˜™iˆ}†•J•~z€y{y€uZ•ˆ| |„…Sz{±G}‡•J•~|;˜�u‡•J•~‹„z{¸S…Sl8‹„uZ•Z•ŽvSl�ºÀ}�.�u‡•-•Sx8¥‡y{z€¥Zl8}‡¸Sy€l,�&yN² z{•Z•~l�•ˆ|„z€•„x

»ˆ•B}†y{l
vw…�ºÄ‹~}‡¥‡k6l�•J•8·

�

�L�������
	��
� �
���
	

no•Sl\z{•J•„l�‹„ºÀ}‡˜�l }°x�•~x\z{k6—Sy{}‡•J•„x�l\l�•­y¯}†•S¥J}†¥‡l*•‘‚ *‘—Bl8•�A�“ ‚ A�h ��¾ AWz{k6— h/u@uZy ��z€•™Á6l�• A�h �6A�“ƒl�¶@•*¾ *‘—Bl8•�A�“

*F¶@•~l�•ˆ|„z€uZ•�•~u	A�h �
ÁÂ·
* y{y{l‘—>l�‹~k6l�•®•ˆu†•~}‡k6k:l8•J•;y¯}
±@z¯|Š…ˆ}‡y€z¯|~}a•„z{u‡•-±Zu‡y{…Sk6z{ŒJ…Sl‘vwlW|„z{k&…Sy¯}a•~z€uZ•�¥‡‰@‹~u@˜�z€•ˆx�•„z¯ŒJ…Sl‡‚Zk-}†z¯|®}‡…ˆ|„|„z

vwl�•~u‡…w•�±Zu‡y{…Sk6l |�•™}†•ˆvS}‡‹~vƒ·

,.-0/21�-Zž 3³•T•Z•~l�‹„ºÀ}‡˜�lWvwl yX² }†—S—Sy{z¯˜�}a•~z€uZ•ƒ·

ÏÄÕ
Ó/ÏØô



�����������	��

���
����������������� � -Zœ

mou‡…ˆ|]—S‹~x8|„l�•J•~u‡•ˆ|;z¯˜�zƒ…S•ˆl
vwl8|~˜�‹~z€—S•„z{u‡•�vwl ˜�l8|3ºÄu‡•ˆ˜�•„z{u‡•S•ˆ}‡y€z€•„xU|]l�•�—S‹~l�•ˆ}‡•Z•�}‡—S—S…Sz/|„…S‹3y¯}�»ˆ¥‡…S‹~l -Zžw·

�

…ˆ}†•„‹~l8|®ºÄl�•A��•„‹~l8|#*‘—>l�•EA�“°|ŠuZ•Z•3—S‹~x8|„l�•J•~l8|8‚S˜™iˆ}‡˜�…S•Sl }G‰Z}‡•Z•]y{l�…S‹]ºÄuZ•ˆ˜Â•~z€uZ•S•ˆ}†y{z€•„x

I

3 “/}�ºÄl8•���•~‹„l)¾À}JÁ-l8|Š•�˜�l�y{y€l*uHG­y{l\‹~l�•ˆvS… l8|Š•�}†´-˜™iˆx‡·Ž•TyWl8|Š•#—>uZ|~|„z€¸Sy{l\vwl¹|Šl¹vwx�—ˆy{}Z˜�l�‹³l�• …w•~z€y{z¯|„}‡•Z•�y€lU|�•~u‡…ˆ˜™iˆl8|

vwz{‹„lU˜Â•„z{u‡•ˆ•Sl�y{y€lU|]l�•�y¯}6|ŠuZ…S‹„z¯|8·

3 “/}�ºÄl8•���•~‹„l ¾À¸BÁ�—>l�‹~k:l�•
yN² x8vSz¼•~z€uZ•�vSl�y{}�ºÄuZ•ˆ˜Â•~z€uZ•°vwl6•„‹™}†•ˆ|ŠºÄl�‹„•
}†z{•ˆ|„zŽŒJ…Sl-y{}�±@z¯|Š…B}†y{z{|~}a•~z€uZ•¹vwl�|~}�•~}‡¸Sy{l�vwl-—S‹~x�µ

z€•J•~x�¥‡‹™}a•~z€uZ•³l�•ovwl
|„}:p �@•Ž•�h 2 ��·

3 “/}�ºÄl�•A��•„‹~l�¾À˜UÁ]k6u‡•J•„‹~l�y€l k-}‡z€y{y{}‡¥‡l vw…�±‡uZy€…ˆk:l }G±Zl8˜Wy{}-|„u‡…ˆ‹~˜�lWvwl y{…Sk6z{j�‹~l�¾À|„—SiSj�‹~l]•Š}†…ˆ•SlUÁ;—>uZ|„z¼•~z€uZ•S•Sx8l
vS}†•ˆ|]y{l

—Sy¯}†•

Oxz
·A* •fk-}†•Sz{—S…Sy¯}†•J•3y{}6|„u‡…S‹~z¯|�‚wuZ•#—>l�…w•ovSx�—Sy¯}‡˜�l�‹3y¯}:|„u‡…ˆ‹~˜�l‘y{…Sk6z€•ˆl�…ˆ|„l
vS}†•B|]y€l —Sy¯}†•/·

3 “/}�ºÄl�•A��•„‹~l�¾ÀvBÁ;l8|Š•]z¯vwl8•Z•~z{ŒJ…Sl �:y¯}:ºÄl�•���•„‹~l-¾À˜8Á�‚Sk-}†z¯|]u‡•f|„lW—ˆy{}Z˜�l ˜�l�•Š•„l�ºÄuZz{|3˜�z/vS}‡•ˆ|]y€l —ˆy{}‡•

Oxy

�98	: � �E> FN@ <#� B�� $�� �'�����
FG@ <��F���

qW}†•ˆ|�y{} ��uZ•Sl-¾ÄlGÁÂ‚ˆz{yƒlU|�•�—>uZ|~|Šz{¸Sy{l v�² uZ…S±@‹„z{‹3l�•ovSl
|„}‡…S±‡l8‹;…ˆ•Sl
|ŠlU|„|„z{u‡•ƒ·SqW}†•ˆ|]y{l
˜�}Zvw‹~l�vƒ² …S•�‹~l�•ˆvS…�|Š•~}‡•ˆvS}‡‹~v�v�² …S•Sl

•~l�¶@•„…S‹~loœZq&‚J|„}‡…S±‡l8¥Z}†‹™vwl8‹'y¯} |„l8|~|Šz{u‡•6‹~l�±@z€l8•J•+� |�•~uw˜™½‡l�‹Fy¯}�•~l�¶@•„…S‹~lovS}‡•ˆ|F…S•6»>˜™iSz€l8‹®}G±Zl8˜]|ŠlU| —S‹~u‡—ˆ‹„z{x�•~x8|3¾ÀvSz€k6l�•B|Šz{u‡•ˆ|®vwl

y¯}
•~l�¶@•„…ˆ‹„lGÁŽ}‡z€•ˆ|„z�ŒJ…Sl‘y{l8|®ºÄuZ•ˆ˜Â•~z€uZ•ˆ|®vSl‘•~‹~}‡•ˆ|ŠºÄl�‹„•®y{…SzLx�•~}‡•J•]}Z|„|„uw˜�z{x�l8|8·@“/}&˜�‹„xU}a•~z€uZ•³v�² …S•SlW•Su‡…S±Zl�y{y€l�|„l8|~|Šz{u‡•³vSl�k-}†•ˆvSl��

yX² …S•„z{y€z¯|„}†•„l8…S‹ovwl�‹~l�•J•„‹~l�‹]y{l8|�vwz{k6l�•ˆ|„z{u‡•ˆ|3vwl y¯}�•„l�¶J•~…S‹~l‡‚wl�•�l8y€y{l
˜�uZk6k:l8•ˆ˜�l }G±Zl8˜‘…S•Sl�ºÄu‡•B˜Â•„z{u‡•�vwl�•~‹~}‡•ˆ|�ºÄl8‹Š•3•@…Sy{y€lZ·

qW}†•ˆ|]y{l ˜�}Z|3v�² …ˆ•Sl |Šz{k&…Sy¯}a•~z€uZ•#¥Z‰@‹„uw˜�z{•Sx�•„z¯ŒZ…ˆl‡‚@y{}6˜�‹„xU}a•„z{u‡•�v�² …S•Sl
|„l8|~|Šz{u‡•�vwl�k-}†•Bvwl ��yX² …w•„z{y€z¯|~}a•„l8…S‹3y{l8|3vwz{k6l�•ˆ|„z€uZ•ˆ|

vwl;y¯}]•„l�¶J•~…S‹~l+�o˜�‹„x8l�‹U‚8˜™iSuJ|Šl®ŒZ…ˆzJz{• (ˆ…ˆl�•ˆ˜�l�‹™}�vwz{‹„lU˜Â•„l8k6l�•J•
y{lŽ‹~x�xU˜™iˆ}†•J•„z{y{y€uZ•ˆ}†¥Zl�¾Äy{l8|
—ˆ}†‹™}†k6j�•~‹„lU|ƒ—S‹~u‡—ˆ‹„lU| ��y¯}o|„z€k�…Sy¯}a•„z{u‡•

|„u‡•J•ovwz¯|Š—>u‡•ˆz€¸Sy{l8|3vˆ}†•ˆ|3y{l8|3»B˜™iSz{l�‹™|3vw…\•+*Ž’‘Á�·B“ƒuZ‹~|3vƒ² …S•ˆl
|„}‡…S±‡l8¥Z}†‹™vwlZ‚Zy¯}:•„l�¶J•~…S‹~l ‹„x8x8˜™iˆ}‡•Z•~z€y{y{u‡•S•Sx8l‡‚@y{l8|]ºÄuZ•ˆ˜Â•~z€uZ•ˆ|3vwl

•~‹~}‡•ˆ|�ºÄl8‹Š•�}‡z€•ˆ|„zƒŒJ…Sl y{l8|3vwz{±‡l8‹~|]—ˆ}‡‹~}‡k6j�•„‹~l8|W¾ÀvSz€k6l�•B|Šz{u‡•ˆ|ovwl y{}�•~l�¶@•„…S‹~l‡‚w•ˆu‡k&¸ˆ‹„l vwl —Sy¯}†•B|]—BuZy€u �XvS}‡…w¶�‚@•Su‡k�¸S‹„l vwl —B}‡|

}‡•S¥‡…Sy¯}†z{‹~l8|;k6z€•Sl8…S‹™|�‚w•SuZk&¸S‹~l�vwl�—ˆ}‡|]‹™}‡vwz¯}†yØÁ®|ŠuZ•Z•�|~}†…S±Zl�¥J}†‹™vwx8|8‚Z˜�l�ŒJ…Sz/—Bl8‹„k6l�•3•Su‡•~}‡k:k6l8•Z•�vwl�•Sl —B}‡|;‹„x8x�ºÄlU˜Â•„…ˆl�‹3…S•

‹~x�xU˜™iˆ}†•J•„z{y{y€uZ•S•ˆ}†¥Zl��-˜™iˆ}ZŒJ…Sl‘±@z¯|Š…B}†y{z{|~}a•~z€uZ•#v�² …S•Sl
|„z€k�…Sy¯}a•„z{u‡•/·

h
u‡…a•�uZ…S‹™|
vS}†•B|
y{l#˜�}Z|
vwl#y{}f±@z¯|Š…B}†y{z{|~}a•~z€uZ•�vƒ² …S•ˆl#|„z€k�…Sy{}†•„z{u‡•ƒ‚
z€y®l8|Š•�—>uZ|~|Šz{¸Sy{l³vwl�‹~l�•Bvw‹„l³y{}�•~l�¶@•„…ˆ‹„l³œZq vˆ}†•ˆ|�|„}

ºÄuZ‹„k6l�•„u‡‹~z¯ŒZ…ˆl�uZ…\¸Sz{l�•�vS}†•B|‘…ˆ•Sl&ºÄuZ‹„k6l6|�•™}†•ˆvˆ}†‹™vÌ¾Ä…ˆ•Sl6¸BuZz¼•~lUÁÂ‚Ly{l8| vwz{k6l�•ˆ|„z{u‡•ˆ|�vwl6˜�lU|WvSl�‹~•Sz€j8‹„lU|ox�•~}‡•Z• l8•Z•~j�‹~l�k6l�•J•

—ˆ}‡‹~}‡k6x�•„‹™}†¸ˆy€lU|�·

�@z‘y{}Ì|Šz{k&…Sy¯}a•~z€uZ• l�• ŒJ…Sl8|Š•„z{u‡•­—>uZ|~|„j8vwl —ˆy€…ˆ|„z{l�…S‹™|-—ˆ}Z|³vwlf•~l�k6—ˆ|8‚Žz{yolU|�•³—>uZ|~|„z€¸Sy{l\vwl\±Jz¯|„…ˆ}†y{z{|„l�‹#˜™iˆ}‡˜�…S•­vwl*˜�l8|

vwl8‹„•ˆz€l8‹~|8‚wy€l�—ˆ}Z|„|~}†¥ZlWvSl yN² …S• �:yN² }†…w•~‹„l�x�•~}†•J•3z{k:k6xUvwz{}†•8·

�98�7 � B�F�>�FG@ < B���$�����@ <�D�>�FG@ < B�� > ?��H<#��� � ? >��	�
�

’�»ˆ•«vwl�—>u‡…S±Zu‡z{‹
¥‡x8‹„l8‹ y€z{¸S‹~l�k6l�•J•
yX² }‡—S—ˆ}‡‹„l8•ˆ˜�l�vw…°‹~l�•Bvw…ƒ‚/yX² x8vwz€•„z{u‡•°z{•J•„l�‹™}‡˜�•„z{±‡l-vwl�y¯}�ºÄuZ•ˆ˜Â•~z€uZ•�vSl-•„‹™}†•ˆ|ŠºÄl�‹„•
l8|Š•

—>uZ|~|Šz{¸Sy{l\l8• …w•„z{y{z{|~}†•J•#l�¶S˜�y{…ˆ|Šz{±‡l8k6l�•J•³y¯}Ì|„u‡…S‹~z{|8· *Ž• …w•~z€y{z{|~}†•J•�vwl8|#‹~}‡k6—BlU|�y{z€•SxU}†z{‹„lU|�—>u‡…S‹�vwx�»ˆ•Sz{‹#vwlU|��8u‡•SlU|#vS}‡•ˆ|

yX² lU|Š—B}‡˜�l#vwl8|:|„˜8}†y¯}†z{‹„lU|-¾�(ˆjU˜™iSl8|�‹~u‡…S¥Zl8|
vw…Ì¸ˆ}‡|&—BuZ…S±a}†•J•)��•~‹„l�vwx�—ˆy{}Z˜�x�lU|
iSuZ‹„z
��uZ•J•~}†y{l�k6l8•Z•ÂÁÂ‚ƒy¯} ˜�u‡…Sy{l�…S‹�l8|Š•:}Z|„|„z€¥Z•Sx�l

l8•Ì˜™iSu‡z¯|„z{|~|„}‡•J•�…ˆ•«z€•Bvwz{˜�l³vwl�i@…Sl³±G}‡‹„z¯}†•J•�vSl

0
�

360
¾N|Šl8y€uZ•°yN² }†y{¥‡uZ‹„z€•„iˆk:l�˜�y{}Z|„|„z¯ŒZ…ˆl�vwl#˜�u‡•@±‡l8‹~|„z€uZ• � �@” � – A6J3ÁÂ·

“
}�•„‹™}†•ˆ|„—ˆ}†‹~l�•B˜�l6vwl�˜�l�•Š•„l �8u‡•Sl6lU|�•
¥Zx�‹~l�‹�—ˆ}†‹
vSl�…w¶¹—ˆ}†y{z€l8‹~|-¾À—ˆ}†‹™}†k6x�•„‹™}†¸Sy{l8|�}G±‡lU˜&y{l8| (ˆj8˜™iSlU|�±‡l8‹Š•~z{˜8}†y{l8|W‹„uZ…S¥‡lU|~Á�·�•Ty

lU|�•
—>uZ|~|Šz{¸Sy{l�vwl�vwxU˜�y¯}†‹~l�‹]•�…ˆ|~ŒJ…ƒ² �

32
�8u‡•SlU| vS}†•B|�yN² l8|„—ˆ}‡˜�l�vwl8|&|„˜8}†y¯}†z{‹„lU|�‚�˜�lU| vwl�‹~•Sz{j�‹~l8|�—>u‡…S±a}‡•Z• ��•„‹~l�˜�uZ•ˆ|�•™}†k6k6l�•J•

}†•�u‡…w•~x�l8|8‚wk6uwvwz¼»Bx�l8|]l�•o|Š…ˆ—S—S‹~z€k6x�lU| ¾Ä…ˆ|~}†¥Zl vw…�¸BuZ…w•„uZ•�vw‹~u‡z€•ovwl�y¯}:|„u‡…ˆ‹„z¯|~Á�·

“/u‡‹™|„ŒJ…ƒ² …S•Sl�ºÄu‡•ˆ˜�•„z{u‡•°vwl6•~‹~}‡•ˆ|�ºÄl8‹Š• lU|�•
}‡˜�•„z{±‡lZ‚�z€y lU|�•
—>uZ|~|„z€¸Sy{l-vwl-‹~l�•ˆvw‹~l6…S•Sl�|„l�…Sy{l-vwl�˜�lU| ��uZ•Sl8| }Z˜Â•„z{±‡lU|-¾Äk6uwvwl

l�¶w˜�y€…B|Šz€º~ÁÂ‚L—>l�‹~k6l�•Š•™}†•J•oyX² l�¶w—Sy€uZ‹~}†•„z{u‡•fvw…\˜™iB}†k6—ˆ|o|~˜�}‡y{}‡z€‹~l8|]l�•‘y{l�˜�u‡•J•„‹��‡y{l
|Š…ˆ‹oy{l8|ovSu‡•S•Sx8l8|‘}†…w¶SŒJ…Sl�y{y{l8|�uZ• }�#Ll8˜�•„l&vwlU|

—S‹~u‡—ˆ‹„z{x�•~x8|8·

no•Sl�•™}†¸Sy{l#vwl#—S‹~x�µÃz€•J•„x8¥‡‹™}a•~z€uZ•�}‡z€•B|Šz;ŒZ…/² …S•ˆl#p �@•Ž•�h 2 �«—Bl8…S±‡l8•J•4��•~‹„l�˜�}‡y{˜�…Sy€x8l8|�}G±‡l8˜³˜�u‡k6k6l³˜™iSuZz¼¶�y{l�•~}‡…w¶«vwl

|„…S‹„µXxU˜™iˆ}†•J•„z{y{y€uZ•S•ˆ}†¥Zl ��…w•~z€y{z¯|Šl8‹8‚L}†z{•ˆ|„z'ŒJ…Sl:y€l�•Su‡k�¸S‹~l�vwl�•Sz€±Zl8}‡…w¶ vwl:vSx�•~}‡z€y¯|‘—BuZ…S‹‘y¯}³p �@• •�h 2 �L·ƒ“ƒl�‹„xU|Š…ˆy¼•™}a•WvSl:˜�l8|

vwl8‹„•ˆz€j8‹„lU|�—Bl8…w• x�¥J}†y{l�k6l�•J•H��•~‹„l]±@z{|„…ˆ}‡y€z¯|ŠxZ‚†vS}†•B|�y€l�˜8}‡|Fvwl]y¯} p �@• •�h 2 �L‚†…ˆ•Sl3¸ˆ}†‹~‹~l;±Zl�‹„•„z¯˜�}‡y€l;—Bl8‹„k6l�•Š•~}‡•J• yN² l�¶w—Sy{u‡‹™}a•~z€uZ•

|„l�y{u‡•*y{}³—S‹„u‡ºÄu‡•ˆvSl�…S‹�vwl8|o•~}‡¸Sy{l8|8·L’ •Su‡•„l�‹Wy¯}³—>uZ|~|Šz{¸Sz{y€z€•„x6v�² …w•„z{y{z{|„l�‹W…S•Sl:z€•J•~l�‹~—BuZy{}†•„z{u‡•f•~‹„z{y€z{•SxU}†z{‹„l:|Š…S‹Wy¯}#p �w• •�h 2 �\}

x�•„x ‹~l�•ˆvw…�—>uZ|~|Šz{¸Sy{l‡‚S—>l�‹~k6l�•Š•™}†•J•�vwl ¸>x�•Sx�»B˜�z{l�‹�vw…�y{z{|~|~}†¥‡l�—ˆ}‡‹]z€•J•„l8‹„—>u‡y¯}a•~z€uZ•#l8•J•„‹~lWy{l8|3vSz #Lx�‹~l�•J•~|�•Sz€±Zl8}‡…�vwl vwx�•~}‡z€y¯|�·

�98<; = 	,@ F�� B���$�� � � >�	E@9B#� B#� ?�� <EB�C�� �
�

�

…Sl8y{ŒJ…Sl�|„u‡z€•]y¯}�•„l�¶J•~…S‹~l�˜�u‡…S‹~‹™}†k6l�•J•®±@z¯|Š…B}†y{z{|„x�l6¾Ø•~l�¶@•„…S‹~l |�•™}†•ˆvˆ}†‹™v�u‡…#z{|~|„…Sl v�² …ˆ•Sl |Šz{k&…Sy¯}a•~z€uZ•#¥Z‰@‹„uw˜�z{•Sx�•„z¯ŒZ…ˆlUÁÂ‚@z{y

lU|�•�—>uZ|~|Šz{¸Sy{l v�² uZ¸ˆ|„l�‹~±‡l�‹]y{l�±‡u‡y{…Sk6l�—ˆ}†‹�vSx8˜�uZ…S—>lWuZ…�—ˆ}†‹]‹™}G‰Jk-}‡‹~˜™iSz{•S¥B·

Ówífç$JˆëLKUÚNM



-�- �����)�����1���	��
 �$�	����
)���%��
����%�

qW}†•ˆ|�y€lf˜�}Z|-vwlfy¯}°vwx8˜�u‡…S—>l‡‚ |„l�…Syoy€lf•SuZk&¸S‹~lfvwlf—>u‡y{‰J¥Zu‡•SlU|6vwl |Š…ˆ—S—BuZ‹Š•-lU|�•�—ˆ}‡‹~}‡k6x�•„‹™}†¸ˆy€lZ·�qW}†•B|-y€l ˜8}‡|-v�² …S•

‹™}G‰@k6}‡‹~˜™iˆz€•S¥B‚Sy{l�•SuZk&¸S‹~l&v�² x8˜™iB}†•J•„z{y€y{u‡•B|o—ˆ}‡‹‘‹™}G‰‡uZ•�l8|Š•W—ˆ}‡‹~}‡k6x�•„‹™}†¸ˆy€l —ˆ}‡‹‘yX² …w•„z{y€z¯|~}a•„l8…S‹U·>•Ty'l8|Š•�—BuJ|„|„z€¸ˆy€l:vwl:˜�y{}Z|„|„z€»ˆl�‹

y{l&±Zu‡y{…Sk6l&}G±‡lU˜ …S•Sl:|Šz{k6—Sy€l&ºÄu‡•ˆ˜�•„z{u‡•\vSl •„‹™}†•ˆ|ŠºÄl�‹„•8‚L}G±‡lU˜�…S•Sl&•~}†¸ˆy€l:vwl&—S‹~x�µÃz{•Z•~x�¥Z‹~}†•„z{u‡•�u‡…\}G±Zl8˜�…S•Sl:p �@• •�h 2 �Ì¾À˜�lU|

vwl8…w¶-vwl�‹~•Sz{j�‹~l8|F|„l�vwu‡z{±‡l8•Z•Žvƒ² ��•„‹~l�vwx�•Š}
˜8}†y¯˜�…Sy{x�lGÁÂ·†•Tyˆl8|Š•Žx�¥J}†y{l�k6l�•J•F—BuJ|„|„z{¸Sy€l�vƒ² }Z˜Â•„z{±‡l8‹ yX² uZ—w•„z{k6z{|~}a•~z€uZ•:¸B}‡|„x�l3|Š…ˆ‹ y€l�•„l8|Š•

vwl�•~‹~}‡•ˆ|„—ˆ}†‹~l�•ˆ˜�l:¾N}†y{—Siˆ}:l8}‡‹„y{‰-u‡…S•™Á]}G±‡lU˜‘˜�u‡k6k6l ‹„x8¥‡y¯}†¥Zloy¯}�±a}‡y€l8…S‹�|Šl8…Sz{y/vwlW•„‹™}†•ˆ|„—ˆ}‡‹„l8•ˆ˜�l�}‡˜8˜�…Sk�…Sy€x8l‡·

�98�� � D $&� FN?���� � � 	 �

•Ty@l8|Š•
—>uZ|~|„z€¸Sy{l®vƒ² }Z˜Â•„z{±‡l8‹
yX² x8˜�y¯}†z{‹™}†¥‡l vSl®• iˆu‡•S¥B‚8y¯}o|„u‡…S‹™˜�l;vwlŽy{…Sk6z{j�‹~l8|
x�•~}‡•J•'y{z€¸ˆ‹„l8k:l8•J•
—>uZ|„z¼•~z€uZ•S•ˆ}†¸ˆy€l;vS}†•ˆ|
yX² lU|Š—ˆ}Z˜�l

—ˆ}‡‹&y{l8|:vwl�…S¶*ºÄl8•���•~‹„lU|�vwl#˜�u‡•J•~‹„uZy€lU|�¾À˜UÁ l�•�¾ÀvˆÁ�·F“/}f±a}†y{l�…ˆ‹�vwlU|&˜�uZk6—BuJ|„}‡•Z•~l8|
}‡k&¸Sz¯}†•J•~l‡‚
vSz #L…ˆ|„l³l�•6|Š—>x8˜�…Sy¯}†z{‹„l³|„u‡•J•

k6uwvwz€»B}†¸Sy{l8|�l�•3—Bl8‹„k6l�•Š•„l8•J•ovwl�•„lU|�•~l�‹3—Sy{…ˆ|„z€l8…S‹~|3˜�u‡•w»B¥‡…S‹™}a•~z€uZ•ˆ|�·

’_•Su†•~l�‹;ŒZ…ˆloyX² l8k:—ˆy€uZzLvƒ² …S•ˆlo±a}†y{l�…S‹]}†¸B|ŠuZy€…Sl‘}†z{•ˆ|ŠzLŒJ…Sl�v�² …ˆ•�k-}a¶wz€k�…Sk l8|Š•;…ˆ•³˜™iSu‡z€¶-…w•„z{y{z{|~}a•~l�…S‹]vS}†•B|Žy{l‘˜8}†y¯˜�…SyLvwl

yX² z{•J•„l8•ˆ|Šz€•„x y{…Sk6z{•Sl�…ˆ|„l�¾À˜�l8|3vwl8…w¶�}‡—S—S‹~uw˜™iSl8|]|„u‡•J•3‹„x8—ˆ}†•ˆvS…Sl8|]l8•#‹~l�•ˆvS…�±Zu‡y{…Sk6z{ŒJ…SlZ·

�

� 23.
�#�Â�
���
.

“/l8|;•„lU|�•™|�vwl —>l�‹„ºÄu‡‹~k-}†•ˆ˜�l‘uZ•Z•3x�•„x l%#Ll8˜�•„…SxU|�|„…S‹3…S•Sl k-}‡˜™iˆz€•Sl vwu‡•„x8l
v�² …ˆ•�—ˆ‹„uw˜�lU|„|„l�…ˆ‹]’;•~iSy{u‡• �‘•s• 3‡›Z›�}‡z€•ˆ|„zƒŒJ…Sl

v�² …S•Sl�˜8}†‹„•„l:¥‡‹™}†—Siˆz{ŒJ…Sl AWl 2SuZ‹~˜�l:¢�3‡›Z›³n�y€•„‹™}S·ƒno•Sl:ºÄl�•���•„‹~l-vwl�£w•U¡³|Š…ˆ‹&£w•U¡�—Sz€¶@l8y{| }#x�•~x6…w•„z{y€z¯|„x�l6—BuZ…S‹ y{l:‹~l�•Bvw…*vwlU|

z{k-}†¥‡lU|�·>“ƒlU|3•„l�¶@•„…S‹~l8|‘œ‡qÇ…S•„z{y€z¯|Šx8l8|‘|ŠuZ•Z•‘z{|~|Š…ˆl8|ovƒ² …S•\‹„x8x8˜™iˆ}‡•Z•~z€y{y{u‡•S•ˆ}‡¥‡l vwlU|ovwuZ•S•Sx�lU|ovw…�•+*Ž’
·�* y{y€lU|ouZ•Z•‘—BuZ…S‹o‹~x8|„u†µ

y{…w•„z{u‡•

2563 ±ZuG¶@l8y{|8‚@˜™iˆ}‡ŒJ…Sl�±‡uG¶wl8y>x�•~}‡•Z•o˜�uwvwx |Š…S‹3…ˆ•�uw˜�•„l�•U·

“
} k6x�•~iSuwvwl�vSlf•®‹™}

�

ºÄu‡‹™v �%�)� ��� }*x�•~x#‹~x�µÃz{k:—ˆy{}‡•Z•~x�l�|Šl8y€uZ•«y{}*vwl8|~˜�‹~z{—w•„z{u‡•°ºÀ}‡z¼•~lfvS}†•ˆ|�y{l�…S‹:—ˆ}†—ˆz€l8‹�5ö•;p � + ›$- 7Ã‚

˜�l�y¯}�}a»ˆ•*ŒZ…ˆl
y€lU|o‹~x8|„…Sy€•~}†•~|ovSl8|ovSl�…w¶ }†—ˆ—S‹„uw˜™iSlU|3—S…Sz¯|~|Šl8•Z•���•„‹~l&˜�u‡k6—ˆ}†‹~x8|o|Š…S‹‘y{}³k ��k6l&k-}‡˜™iˆz€•SlZ·B“/l8|�‹~x8|„…Sy€•~}†•~|o|„u‡•J•

l�¶@—ˆ‹„z{k6x8|3vS}‡•ˆ|]y€lU|]•~}‡¸Sy{l8}†…S¶³l�•�•Su‡k�¸S‹~l�vƒ² z{k-}†¥‡lU|]—ˆ}†‹3|„l8˜�u‡•ˆvwlZ·

ÅÇ§JÈ
�

Æ � � � � � ��
 � BXÆ �����	� 
 ���

I

mou‡k&¸ˆ‹„l�vwl
˜�uZ…S—>l8| £‡›‡› •U›‡›‡› •G£†›Z›

�J•™}†•ˆvˆ}†‹™v ¢ œˆ· 3 •Z· ¢

*Ž˜�y{}‡z€‹™}†¥Zl ¡S· - •Z·€• ›ˆ·€•

�J•™}†•ˆvˆ}†‹™v�‚ ’;•™}†• •‡• ¢ œˆ· /

*Ž˜�y{}‡z€‹™}†¥Zl‡‚ ’;•~}‡• -B· 3 ¡S· œ ›ˆ· ž

u G

I

3 &omou‡k�¸S‹„l vwl
˜�u‡…S—>l8|H'#l8|Š•�y{lW•ˆu‡k&¸ˆ‹„l vwl —>u‡y{‰@¥‡u‡•ˆl8|]vwl |Š…ˆ—S—BuZ‹Š•�…S•„z{y€z¯|ŠxU|]—BuZ…S‹�y¯}6vwx8˜�u‡…S—>l vw…�±‡u‡y{…Sk6l‡·

3 & �@•~}†•BvS}†‹™v4'³•„z{l�•J•�—>u‡…S‹3…ˆ•�‹~l�•Bvw…f|Šz{k6—Sy€l }G±Zl8˜�}†—S—ˆy€z¯˜�}†•„z{u‡•#vSl y{}�ºÄu‡•B˜Â•„z{u‡•fvwlW•~‹~}‡•ˆ|�ºÄl8‹Š•U·
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mou‡k&¸ˆ‹„l�v�² x8˜™iˆ}‡•Z•~z€y{y{u‡•ˆ| œZ¡ ¢�- •U¡�3

h 2 œS• ¡‡¢ •Už

p �w• •�h 2 � ¡$3 ¡Z¡ •U¢

h 2;‚ ’;•~}†• œS• ¡=/ ¡S•

p �w• •�h 2 �L‚ ’;•™}†• ¡†ž ¡‡œ •Už

h 2;‚ *�* œ‡œ ¡‡ž ¡Z£

p �w• •�h 2 �L‚ *.* œ‡› ¡=/ ¡Z£

h 2;‚ *Ž˜�y¯}†z{‹~}‡¥‡l ¡‡¡ •U¢ •Z•

p �w• •�h 2 �L‚ *®˜�y¯}†z{‹~}‡¥‡l ¡‡¡ •G£ •U›

h 2;‚ *Ž˜�y¯}†z{‹~}‡¥‡lZ‚ *�* œS• ¡=/ ¡S•

p �w• •�h 2 �L‚ *®˜�y¯}†z{‹~}‡¥‡l‡‚ *�* ¡†œ • 3 • -
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,.-0/21>£‡› 3�*®vwz¼•~z€uZ•fvwl8|]ºÄuZ•ˆ˜Â•~z€uZ•ˆ|3vwl�•~‹~}‡•ˆ|�ºÄl8‹Š•]…w•~z€y{z{|„x�lU|�vS}‡•ˆ|]y€lU|]‹„l8•ˆvw…ˆ|8·
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ºÄu‡‹™v �1� � ���ßÁ�}G±Zl8˜
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vwxU˜�uZ…S—BlU|

x1#>lU˜Â•„…ˆx�l8|-|„…S‹:y{}*¸>u‡z€•„l�l�•S¥Zy€uZ¸ˆ}†•J•„l�vw…¿•„u‡½a}‡k6}‡½­¾Äz{k6}‡¥‡lf£w•‡¾N}ZÁ„ÁÂ‚

1000
vwx8˜�u‡…S—>l8|�¾Àz€k-}†¥Zlf£w•‡¾À¸BÁ�l�•

1500
vwxU˜�u‡…ˆ—BlU|

¾Àz€k-}†¥Zl
£w•‡¾N˜8ÁÂ‚By{}�ºÄuZ•ˆ˜Â•~z€uZ•�vwl�•~‹~}‡•ˆ|ŠºÄl�‹„•]…S•„z{y€z¯|Šx8l x�•™}†•J•3y{}:—S‹~l�k6z{j�‹~l‡·

(b) avec 1000 coupes(a) avec 500 coupes (c) avec 1500 coupes

,.-0/21�£w•C3³–3l�•Bvw…fv�² …ˆ•Sl
|Šz{k&…ˆy{}†•„z{u‡•�¥‡‰@‹„uw˜�z€•Sx�•„z¯ŒJ…Sl‘—B}†‹�vwxU˜�u‡…ˆ—BlZ‚ˆ}G±‡lU˜oy¯}:—S‹„l8k6z€j8‹„lWºÄu‡•B˜Â•„z{u‡•�vwl�•~‹~}‡•ˆ|�ºÄl8‹Š•U·
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æ���æ���âŠè 500 èŠàÂò �‡â�ã

�

ñ���æ ��â�è 1000 è�àÂò �†â�ã

�

è �/æ���â�è 1500 è�àÂò �†â�ã

,.-0/21�£‡¡ 3�–�l�•ˆvw…fv�² …S•Sl
|„z{k&…Sy¯}a•~z€uZ•#¥Z‰J‹~uw˜�z{•Sx�•~z{ŒJ…Sl�—ˆ}‡‹3vwx8˜�u‡…S—>l‡‚ˆ}G±Zl8˜‘y{}6|„l8˜�u‡•ˆvwlWºÄuZ•ˆ˜Â•~z€uZ•�vSl‘•~‹~}‡•ˆ|ŠºÄl�‹„•8·

�

æ�� 32 ��èÃøaæ™ç�ðXÝ����ßàÂçUã

�

ñ�� 64 ��èÃøaæ™ç�ðNÝ����ßàÂçGã

�

è � 128 ��èÃøaæ™ç�ðNÝ����ßàÂçGã

�

÷�� 32 �ŠèXøaæ™ç�ðNÝ����ßàÂçGã �Gæ™åLåXæ�ì�àÂç�â�ð

Ð
Ö8ïBÏØíƒäBÖ

�

â�� 64 ��èÃøaæ™ç�ðXÝ����ßàÂçUã �aæ™å�åXæ�ì�àÂçWâTð

Ð
ÖUïˆÏØí/äBÖ

�

� � 128 �ŠèXøaæ™ç�ðNÝ����ßàÂçGã �Gæ™å‘åNæŠì�àÂç

â�ð
Ð
ÖUïˆÏØíƒä>Ö

,.-0/21ˆ£†œ63:”oz¯|„…ˆ}†y{z{|~}a•~z€uZ•�v�² …S•Sl‘|„z{k&…Sy¯}a•~z€uZ•�¥‡‰@‹~u@˜�z€•ˆx�•„z¯ŒJ…Sl3—ˆ}‡‹Ž‹™}G‰Jk-}‡‹~˜™iSz{•S¥B‚†y{}
—S‹„l8k6z€j8‹„l3ºÄuZ•ˆ˜Â•~z€uZ•³vwlo•„‹™}†•ˆ|ŠºÄl�‹„•Žx�•™}†•J•

…w•~z€y{z¯|Šx8l‡·
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ºÄuZ‹~v:k-}†z¯| ˜�l�•Š•~l3ºÄu‡z¯|ŠµÃ˜�zB}G±‡lU˜;y{}
|„l8˜�u‡•ˆvSl]ºÄu‡•ˆ˜�•„z{u‡•�vwl3•~‹~}‡•ˆ|ŠºÄl�‹„•8·

“Ž² z{k-}†¥‡l
£Z¡S¾À}JÁ lU|�•3y{l�‹„xU|Š…Sy€•~}†•]vSlWyX² …w•„z{y€z¯|~}a•„z{u‡•�vwl

500
—>u‡y{‰@¥‡u‡•ˆl8|]vwl |Š…ˆ—S—BuZ‹Š•U‚wyN² z{k6}‡¥‡l £‡¡ˆ¾Ä¸BÁ®l�•]yX² z€k-}†¥Zl
£‡¡S¾N˜8ÁŽyN² x�•™}†•J•

‹~l8|„—BlU˜Â•~z€±Zl�k6l�•J•3—BuZ…S‹

1000
l�•

1500
—Sy¯}†•B|3vwl
vwx8˜�u‡…S—>l8|8·

“
}]»ˆ¥‡…ˆ‹„l®£‡œ]z€y{y{…ˆ|�•~‹„l®…S•Sl;}†—S—S‹~uw˜™iSlF—ˆ}‡‹/‹™}G‰Jk-}‡‹~˜™iSz{•S¥B·�’/±Zl8˜FyX² }‡—S—Sy{z{˜8}a•~z€uZ•
|Šz{k6—Sy€l®vwlŽy¯}3—S‹~l�k6z{j�‹~lFºÄu‡•ˆ˜�•„z{u‡•&vSlF•„‹™}†•ˆ|Šµ
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¾Äz{k-}†¥‡l £‡œˆ¾À}JÁ�ÁÂ‚
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¾Àz€k-}†¥Zl £†œˆ¾À¸BÁ�Á®l�•]»ˆ•B}†y{l�k6l�•J•
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x8˜™iˆ}‡•J•„z{y€y{u‡•ˆ|W¾Äz{k-}†¥Zl�£‡œˆ¾N˜8ÁŠÁ�·

q‘l k ��k6l‡‚Sk-}‡z{|�}G±Zl8˜‘yN² …w•~z€y{z{|~}a•~z€uZ•fv�² …ˆ•Sl
p �@• •�h 2 ��‹~l�y¯}a•~z€±Zl��:y¯}6—S‹„l8k6z€j8‹„lWºÄu‡•B˜Â•„z{u‡•�vwl�•~‹~}‡•ˆ|�ºÄl8‹Š•�}G‰J}†•J•W•G¡�•Sz€±Zl8}‡…w¶
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æ��/æ���âŠè 32 ��èÃøaæ™ç�ðXÝ����ßàÂçGã��aæ™åƒåXæ�ì�àÂç

�

ñ �ƒæ���â�è 64 ��èÃøaæ™ç�ðXÝ����ßàÂçGã��aæ™åƒåXæ�ì�àÂç

�

è���æ���âŠè 128 ��èÃøGæ™ç�ðNÝ����ßàÂçGã��aæ™å
åNæŠì�àÂç

�

÷��Læ���â�è 32 �ŠèXøaæ™ç�ðNÝ����ßàÂçGã �aæ™å�åNæŠì�àÂçoâTð

Ð
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Ð
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Ð
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